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Hinge craniotomy (HC) is a technique that allows for a degree of decompression whilst retaining the bone flap in situ, in a ‘floating’ or ‘hinged’ fashion. This provides expansion potential for ensuing cerebral oedema whilst obviating the need for cranioplasty in the future. The exact indications, technique and outcomes of this procedure have yet to be determined, but it is likely that HC provides an alternative technique to decompressive craniectomy (DC) in certain contexts.
 
Objective
The primary objective was to collate and describe the current evidence-base for HC, including perioperative parameters, functional outcomes and complications. The secondary objective was to identify current nomenclature, operative technique and operative-decision making.
 
Design
A scoping review was performed in accordance with the PRISMA-ScR Checklist.
 
Results
Fifteen studies totalling 283 patients (mean age 45.1 and M:F 199:46) were included. There were 12 different terms for HC. The survival rate of the cohort was 74.6% (n=211). Nine patients (3.2%) required subsequent formal DC. Six studies compared HC to DC following traumatic brain injury (TBI) and stroke, finding at least equivalent control of intracranial pressure (ICP). These studies also reported reduced rates of complications, including infection, in HC compared to DC.
 
Conclusions
We have described the current evidence base of HC. There is no evidence of substantially worse outcomes compared to DC, although no randomised trials were identified. Eventually, a randomised trial will be useful to determine if HC should be offered as first-line treatment when indicated.
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A recent study estimated 60% of global neurosurgical caseload is traumatic brain injury (TBI) and stroke (6.2 and 2.8million, respectively) – the majority in low-to-middle-income settings [1]. There are significant societal costs associated with TBI due to high levels of mortality and morbidity. A rigorous evidence base to guide treatment strategies remains an international public health priority.

The literature describing decompressive craniectomy (DC) is varied [2]. Recent and on-going randomised controlled trials (RCTs) for the use of DC in TBI (DECRA [3]; RESCUEicp [4]; RESCUE-ASDH) and stroke (DECIMAL [5]; DESTINY [6]; HAMLET [7]) though have demonstrated its potential utility and efficacy, they raise ongoing concerns, in some of the studies, regarding the higher rates of disability observed in survivors following DC. Regarding TBI, the DECRA trial showed that neuroprotective bifrontal DC for moderate intracranial hypertension (ICP) is not helpful, whereas the RESCUEicp trial found that last-tier DC for severe and refractory ICP can significantly reduce the mortality rate but is associated with a higher rate of disability [2-4]. In relation to ischaemic stroke, a Cochrane review [8] including data from all the three extant randomised controlled trials (DECIMAL [5]; DESTINY [6]; HAMLET [7]) suggested that DC improves survival compared with best medical management, but that an increased proportion of individuals treated with DC survive with moderately severe or severe disability [8,9]. 

A relatively novel and less well utilised technique to achieve cerebral decompression in patients with brain swelling and/or raised ICP is the ‘hinge craniotomy’ (HC), also known as hinged decompressive craniectomy. The technique was first described by three independent groups in 2007 [10-12] specifically for surgical modulation of post-traumatic medically intractable raised ICP, although it has been used by neurosurgeons for several years for sundry other indications. Adoption of HC into neurosurgical practice can potentially yield benefits over traditional DC in specific situations, such as the potential to control at least moderate cerebral oedema whilst simultaneously obviating the need for a subsequent costly operative cranioplasty [2]. This is a particularly important consideration in resource-limited settings. Furthermore, unlike for the traditional surgical technique of DC, following HC, there are reports of potential reduction in axonal stretching and there are supposedly fewer complications such as syndrome of the trephined, problems with CSF hydrodynamics, infection, and resorption of the autologous bone flap [13]. 

However, HC has possible limitations; these revolve mainly around whether sufficient extracranial brain expansion volume will be achieved and whether the patient will require the more traditional DC later on. Central to the HC vs DC debate is not just about postoperative patient survival, but the subsequent functional outcome and associated morbidity that may be incurred. There is a paucity of rigorous data evaluating HC, and contemporary evidence is based upon experience from small series in single centres from disparate regions of the world.





This scoping review has been reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping Reviews (PRISMA-ScR) [17]. Unlike systematic reviews, the protocol does not need to be registered with PROSPERO [15].

Eligibility criteria
The following advanced search strategy was used to search all PubMed on 22 June 2019:

((((((((craniotomy[Title/Abstract]) OR craniectomy[Title/Abstract]) OR decompress*[Title/Abstract])) AND ((((((hinge*[Title/Abstract]) OR float*[Title/Abstract]) OR in situ[Title/Abstract]) OR riding[Title/Abstract]) OR osteoplastic[Title/Abstract]) OR anchored[Title/Abstract]))) NOT "case reports"[Publication Type])) 

Titles and abstracts were screened for relevance. Full-text articles were then assessed for eligibility according to the PICOS criteria below. The reference lists of eligible studies and relevant articles were searched for further studies not identified by the initial search strategy. Manuscripts were excluded if: data was not available separately for the HC cohort; they were case reports; or were paediatric series’. 

PICOS Criteria 
	Population: Diagnosis of TBI or stroke and exposure to HC.
	Intervention: Hinge craniotomy; in situ hinge craniectomy; the Tucci flap; in situ resin floating cranioplasty; in situ free floating craniectomy; osteoplastic decompression; hinge decompressive craniotomy temporalis; riding craniotomy; modified temporal muscle hinge decompressive craniotomy; floating anchored craniotomy.
	Comparison: Studies with and without controls were included due to nature of scoping review.
	Outcomes and other data collected: Demographics, description of indications and surgical techniques, intracranial pressure monitoring, mean length of stay, functional outcome, mortality.
	Study design: All prospective and retrospective case series, cohort studies, case-control and randomized controlled trials with n>1 written in English were included    

Selection of sources of evidence
The resulting titles and abstracts were screened independently by two authors (HLH and MM) using the PICOS criteria above. If disagreements occurred, a third author (AK) was consulted. Data extraction was performed independently by the same two authors with disagreements resolved via further review and discussion. Due to the heterogeneity of terminology used for hinge craniotomy in the global literature, whenever a new term was identified from the references, it was incorporated into the search strategy.

Data charting process
The data extraction process in a scoping review is known as ‘data charting’. Key variables, were screened and extracted from the papers. These data were inputted into a Microsoft Excel Document, which was the basis of the data charting form. This was continuously updated in an iterative process, as heterogeneity of data and reported outcomes meant often non-contiguous data points. However, if the data was important and remained an essential component to report on in this paper, it was added to the charting process. Two reviewers independently (HLH & MM) charted data from each eligible article. Any disagreements were resolved through discussion between the two reviewers or further adjudication by a third reviewer (AK).

Data items
Indication for hinge craniotomy: age, sex and indication for hinge craniotomy. If there were multiple pathologies, for example subdural haematoma and intracerebral haemorrhage following TBI, then the first pathology was listed as the indication. For some of the studies, separate male:female ratio of HC cohort was not stated, therefore the male:female ratio reported in Results is less than the total number of patients.

Surgical technique and nomenclature: the named procedure was recorded, with size of craniotomy, dural manipulation, hinge craniotomy practice and the placement of wound drain.

Perioperative parameters: pre- and post-operative variables (ICP, GCS, midline shift and CT-Rotterdam criteria) were recorded.

Clinical outcomes: Survival, Glasgow Outcome Scale (GOS) and modified Rankin Score (mRS), and follow-up were recorded. The GOS is reported as favourable (GOS 4-5) and unfavourable (GOS 1-3). The mRS is reported as: ‘Good’ = 0-2; ‘Moderate’ = 3-4; and ‘Poor’ = 5-6.

Complications: Inadequate cerebral decompression was reported if the bone flap needed to be removed subsequently due to refractory intracranial hypertension. Infection, need for reoperation and other complications were also recorded.

Comparison between HC and DC: studies that compared the two techniques were summarised.

Level of evidence: Data was also extracted on article demographics (journal, institution, level of evidence, summary of article) and the income-status of the country of origin.

Synthesis of results
The results in this manuscript are presented as a scoping review, including summary tables, and follow the format: 1) Indication for hinge craniotomy; 2) Surgical technique and nomenclature; 3) Perioperative parameters; 4) Functional outcomes; 5) Complications; 6) Summary of comparison studies, and 7) Level of evidence.

Results
Indication and patient demographics
A total of 15 studies [10-13, 18-28] were eligible for inclusion (Figure 1), comprising 283 patients with a mean age 45.1 years and a male:female of 199:46 (Table 1). The majority of patients (n=230, 81.3%) underwent HC following TBI.  Of the patients who suffered TBI, the most common pathology was acute subdural haematoma (n=182, 79.1%), followed by intracerebral haemorrhage (n=33, 14.3%) and epidural haematoma (n=7, 3.0%). A number of patients (n=53, 18.7%) underwent HC following stroke: haemorrhagic (n=40, 75.5%) and ischaemic (n=13, n=24.5%).  

Surgical technique and nomenclature
There were 12 separate terms used to describe hinge craniotomy, of which hinge craniotomy was the most common (n=4, 33.3%). Every other term was used once (Table 2). 

The ‘hinge’ was achieved via a variety of techniques (Table 2). Most commonly, the free bone flap was secured with miniplates. To achieve this, the inferior edge of the bone flap was re-secured to the inferior cranial edge with a straight titanium plate. The 5- or 6-millimeter screw on the inferior cranial edge protruded 1 to 1.5 mm above the plate to allow flap movement. A similar plate was screwed flush onto the superior edge of the bone flap. The distal end of the straight plate was not screwed to the nearby cranium thereby remaining unattached, and thus creating a hinge; this permitting portion of the flap to float on its hinge outward with brain swelling [11] whilst simultaneously reducing the risk of a sinking bone flap. Some of the groups fastened the upper initially-unsecured screws several months later to secure the bone flap. Another technique used loosely tied sutures attached to the free bone [13] flap or a resin mould of the skull implanted [18]. This promoted symmetrical room for expansion if the brain was to swell, whilst the hinge technique provides only unilateral, and therefore asymmetrical, expansion potential. To increase expansion potential, the inner table of the free bone flap can be thinned. A separate technique, known as osteoplastic decompression [21], which has recently been adapted to the modified temporalis muscle hinge decompressive craniectomy [26] utilised the temporalis muscle as an anchor for the free bone flap which was partially secured using sutures in the anterior and posterior vertical cuts. Four reports using these techniques included the use of a subgaleal wound drain at wound closure.

Perioperative parameters
The majority of patients undergoing HC were comatose (GCS <9), with abnormal CT findings (significant midline shift and Rotterdam score) (Table 3). Preoperative ICP values were sparse. Hinge craniotomy resulted in reduced ICP, a reduction in midline shift and also improved Rotterdam scores (Table 3). The GCS was not reported as a post-operative outcome. Specifically, of the studies that had pre-operative ICP recorded, patients undergoing HC demonstrated a reduced ICP post-operatively. Patients in the Guttman et al [13] series had preoperative ICP of 32.7 ± 8.1mmHg compared to 16.0 ± 12.1mmHg post-operatively. In Valenca et al [20], the pre-operative ICP range was 15-35mmHg and 6-12mmHg post-operatively. 

Direct comparison of HC to DC in relation to perioperative variables was limited (Table 6). Kenning et al [19] demonstrated that ICP control at post-operative day 5 was adequate and equivalent (HC 12.1 ± 2.6mmHg; DC 15.0 ± 6.3mmHg), despite the smaller volume of expansion (HC: 77.5 ± 54.1 ml; DC: 105.1 ± 65.1 ml). The imaging in 15 of the patients revealed reversal of midline shift (MLS) pre- and post-operatively (HC: post-op MLS 6.4±4.4mm; DC 5.5±4.6mm), although this difference was not statistically significant [19]. Furthermore, the MLS in patients receiving HC was also reduced. Peethambaran et al [28] demonstrated a MLS of 13.1 ± 4.78mm reduced to 6.6 ± 3.9mm post-operatively, whilst Schmidt et al [11] 10.6mm to 5.1mm following HC.

The same group three years later demonstrated no statistically significant difference in postoperative ICP control for the duration of monitoring (HC: 10.8 ± 3.4mmHg; DC: 11.9 ± 3.5 mmHg) [24], in addition to a similar finding of a smaller expansion volume (HC: 77.6 ± 44.7ml; DC: 96.3 ± 54.4ml) [24]. Furthermore, Tsermoulas et al [25] compared DC to ‘riding craniotomy’ (HC from hereon) in ASDH, demonstrating the post-operative intracranial hypertension index was not worse than DC (HC 13.8; DC 16.6), in a patient cohort with similar baseline characteristics.

Clinical outcomes
Two hundred and eighty-three patients underwent HC, of which 211 survived (74.6%). There was a paucity of data reported relating to functional outcome and duration of follow-up (Table 4). 

Comparing survival outcomes of HC to DC, Kenning et al [19] found no significant difference between hospital survival (HC: n=15, 75%; DC: n=21, 70%), whilst their second study investigating HC in stroke management found that hospital survival was significantly higher in the DC group (HC: n=5, 56%; DC: n=17, 89%, p = 0.04) [24] (Table 6). However, they also found that despite the higher in-hospital mortality, HC was associated with better long-term functional outcome, as determined by mRS scores at the 30–90 day period (HC: 2.8 ± 1.1; DC: 4.4 ± 0.9, p = 0.01) and at the 90- to 180-day period (HC: 2.5 ± 0.6; DC: 3.9 ± 1.0, p = 0.03) [24]. A study from India [28] also demonstrated that both DC and ‘four-quadrant osteoplastic decompressive craniotomy’ (hinge craniotomy in this case) were comparable in relation to the duration of surgery, duration of ICU stay, and survival (p>0.05). Furthermore, there was significant brain expansion potential and reversal of MLS. Tsermoulas et al [25] also found that more patients in the DC group had poor functional status at 6 months compared with the HC group at 6 months (HC: n=6, 35%; DC: n=41, 59%). On the contrary, Kano et al [23] compared DC with hinge craniotomy following TBI or stroke and found no significant difference in the long-term functional outcome, as measured by post-operative GOS and mRS. There were variable lengths of follow-up, if at all stated. Nine studies explicitly stated the length of follow-up, which ranged from 2 to 18 months. Furthermore, not all studies recorded functional outcome status at the end of follow-up, merely just that the patient was seen by healthcare practitioners in the time period. Six studies did not state duration of follow-up. 

Complications
There were 54 reported complications in the HC cohort (Table 5). Nine patients (n=9/283, 3.2%) required subsequent decompressive craniectomy due to uncontrollable ICP, or in other words, ‘failure’ of hinge craniotomy. In one study [23] the bone flap was removed in 2 cases due to acute hydrocephalus or brain herniation causing low cerebral perfusion pressure and in the other 2 cases, ICP was elevated immediately secondary to CT-confirmed epidural haemotoma requiring progression to DC. In another study [24], one patient was placed in a barbiturate-induced coma at the request of the treating neurologist, although the paper states that ICP was in normal range.

Regarding the replaced free bone flap specifically, there were 2 incidences of malfunctioning technique requiring removal of the bone flap [22] and two incidences of bone flap depression [26] utilising the temporalis HC technique. One patient required reoperation to secure the bone flap due to increased mobility [19]. There were no reported syndrome of the trephined or other complications uniquely associated with decompressive craniectomy. In the reported studies, one patient, who underwent HC with a resin implant, requested subsequent cranioplasty for cosmetic reasons [18]. The remaining patients receiving HC group had satisfactory cosmetic outcomes. Ko et al [10] refastened the hinge in 8 patients during the proceeding post-operative months, using local anaesthetic. Two patients refused this and subsequently died within the 8months of follow up.

Kenning et al [19, 24] found that there was no significant difference between HC and DC in terms of operative time, need for reoperation, duration of mechanical ventilation or ICU stay. Their analysis revealed a greater degree (not statistically significant) of postoperative parenchymal contusion enlargement with DC, which may reflect blossoming of the contusions secondary to unconstrained brain expansion [19]. Furthermore, Kenning et al reported only one patient undergoing HC requiring subsequent cranioplasty compared to 17 patients who received DC (HC: 1/5, 20%; DC: 17/17, 100%) [24]. 

Kano et al [23] report no bone flap infections in HC whilst there were 6 of such in DC after autologous cranioplasty (p=0.02). The earliest of the six cases of bone flap infection in DC occurred one week after the cranioplasty, and the latest case occurred more than 4 months after cranioplasty (mean, 4.1 weeks). Additionally, we extracted data of the complications from the DC groups of the controlled studies. There were 15 infections (8.7%) in the DC group versus 12 infections (4.2%) in the HC (p=0.065, Fisher’s).

Level of evidence
The level of evidence for the majority of the HC literature was poor, according to the University of Oxford’s Centre for Evidence-based Medicine Levels of Evidence [29]. There was 1 level V study [12] (6.7%), 8 level IV studies [10, 11, 13, 18, 20-22, 26] (53.3%) and 6 level III studies [19, 22, 24, 25, 27, 28](40.0%). Twelve studies were retrospective in nature. Five studies [10-12, 19, 24] were from the USA, the most common origin of study. Four studies were from LMIC countries [22, 26-28] – India and Nigeria. The remaining 11 studies were in developed healthcare settings.

Discussion
This review highlights the heterogeneity of nomenclature as well as the technical variations in the operative procedure of HC as currently reported in the global literature. Nonetheless, the evidence-base, still limited though, regarding its indications and effectiveness suggests that HC may have a role to play in the treatment of TBI and/or stroke, obviating secondary complications usually associated with decompressive craniectomy, as well as the the cost and complications of the consequent cranioplasty. 

Nomenclature and technique
Since being described by three groups in 2007 [10-12], HC has 12 different terms to our knowledge. The most common term was ‘hinge craniotomy’ (Table 2). Despite heterogenous techniques and nomenclature, the general principles appear unanimous: partial decompression to relieve raised intracranial pressure with subsequent immediate replacement of the bone flap, over the surgical cranial window, in a ‘loose’ or ‘hinged’ fashion in an attempt to accommodate cerebral oedema and subsequent swelling, without further neurosurgical intervention. This principal attempts to reduce complications such as infection, syndrome of the trephined, hydrodynamic disturbances and secondary cranioplasty whilst maintaining adequate cerebral decompression.

We believe that from hereon it would be useful to agree and adhere to one umbrella term (e.g. decompressive craniotomy); and this can be used to describe all variations of this technique. Nevertheless, the following questions (Figure 2) remain open to the neurosurgical community. 

Efficacy of hinge craniotomy
Intracranial pressure
Hinge craniotomy was reported to be effective at controlling ICP. All studies that reported post-operative readings demonstrated a decrease in ICP and associated reduction in midline shift (Table 3). The studies comparing HC to DC suggest that HC is at least as effective as DC in this respect (Table 6). Kano et al [23] compared HC with DC in TBI and stroke, and summarising their data, averred ‘the hinge technique with ICP monitoring was effective and safe for the management for head trauma and stroke’. Furthermore, Kenning et al [19, 24] suggested that ‘hinge craniotomy was at least as good as decompressive craniectomy in providing post-operative ICP control’. Furthermore, out of 283 patients undergoing HC, only 9 patients (3.2%) required subsequent DC, suggesting that adequate cerebral decompression was achieved by HC alone. In the RESCUEicp trial, which enrolled patients with severe TBI and ICP raised and refractory to medical management, of the patients who were randomised and received a DC (n=187), 12 required a barbiturate infusion post-DC due to ongoing issues with ICP control (6.4%). Obviously, the patients included in the studies of the present scoping review are not directly comparable to the RESCUEicp population but this figure can give an indication as to the proportion of patients with refractory ICP despite DC.

This concept is further reinforced by a biomechanical study in human cadaver skulls [30], which compared DC to HC and ‘dynamic decompressive craniotomy’ and the effect on ICP after abrupt increase in intracranial volume. They found that both the dynamic craniotomy and the HC techniques provided significant control of ICP during 120ml increase in intracranial volume as compared with craniotomy rigidly fixed with plates (4.86 mmHg, 8.36 mmHg, 44.84 mmHg, respectively).

Clinical and functional outcomes 
Central to the clinical management of raised ICP in TBI or stroke is the patient’s quality of life after receiving treatment for the injury. This was highlighted in the recent RESCUEicp trial [4] which demonstrated that more patients with refractory ICP (>25mmHg) who underwent decompressive craniectomy had decreased mortality but increased disability when compared with medical therapy alone. In RESCUEicp [4], the survival of the DC patients at 6 months was 73.1%. The overall survival of patients undergoing HC was 74.6% (n=211) (Table 4) and thus very similar to the RESCUEicp mortality, although it is important to appreciate that RESCUEicp was looking at secondary DC. The studies included in this manuscript had limited long-term functional outcome reported (Table 4, Table 6). Furthermore, the presence of extracranial injuries or injuries of different severity make direct summary of outcomes difficult. Lastly, as the evidence informing treatment strategies in TBI is developing, morbidity outcome post-surgical intervention is key and thus central to optimal intervention.

Complications
The standard procedure of DC is associated with several complications, including syndrome of the trephined, subdural hygromas / effusions, contusion/haematoma progression, incisional cerebrospinal fluid leak, and hydrocephalus. In contrast HC might provide a means to reduce these complications, particularly obviating the need for subsequent costly cranioplasty, further hospital admission and likely prolonged ITU stay. Nevertheless, one quite significant complication of the latter to consider is the possibility of ‘failure’ of HC to provide adequate ICP control and therefore progression to DC, of which there were 6 cases in this review (Table 5). Otherwise, the data presented in this study suggest that HC is associated with a trend towards reduced infection and complications described above (Table 5). Due to the retrospective nature of the vast majority of studies, underreporting of complications may be a potential issue and obviously due to the lack of randomisation, differences in the baseline characteristics could be responsible for the observed trends.

Hinge craniotomy in low-to-middle-income settings
Perhaps one of the most interesting facets to this review is the emerging practice during HC of using the temporalis muscle, without any other costly biomaterial implant, as an anchor for the bone flap in low-to-middle income settings. Adeleye et al [22, 26] report on this technique (Table 2), as well as a low-cost duraplasty, and using a unitized tube-and-reservoir urine drainage system, the Uri-bag, as a wound drain to significantly reduce the cost of TBI treatment. Obviating the need for cranioplasty further reduces costs and logistical issues. This is particularly relevant as the LMIC have the majority of TBI burden, with the least resources, facilities and trained neurosurgeons [1, 31]. Therefore, hinge craniotomy provides potential clinical utility, in addition to economic benefits, further reinforcing the need for a more substantial evidence base relating to its use in these settings. 

Novel devices
Central to developing this field of neurosurgery are innovative devices to facilitate surgical theory. Two devices, the ‘Skull Flap’ (SF) [32] and the ‘expandable dynamic craniotomy bone flap fixation plate’ [33] provide biomechanical evidence of utility in controlling ICP by providing adequate volume expansion whilst preventing sinking of the bone flap. Furthermore, the devices are durable, low-cost and easy to use.

The SF [32] is a hinge system comprised with plate and sliding track that carries a locking-unlocking system, connected to a titanium wire tunnelled and externalised in the scalp. This wire serves as traction for repositioning of the flap back to its anatomical position once cerebral oedema has subsided, permitting bony fusion of the flap edges.

Another recent manuscript explores the biomechanics of a ‘novel expandable dynamic craniotomy bone flap fixation plate’ [33]. The dynamic plate comprises solid ends with holes for placement of screws into the bone flap at one end and the skull at the other end. The solid portions are connected with a configuration of flat interconnections that function similarly to a spring that reversibly expands and contracts as well as angulates, depending upon the tension exerted. The plates allow outward bone flap movement to accommodate an increase in ICP and/or intracranial volume and retract the bone flap in a flush position once the ICP normalizes. The group evaluated the plates characteristics in human cadaver skulls and demonstrated significant increase in intracranial volume expansion due to compliance of the bone flap in comparison to a rigid or hinged bone flap. In essence, the reversibly expandable, MRI/CT-compatible plates provide for a low-profile bone flap fixation with rigid restriction of bone flap sinking and also enable cranial decompression with a high tolerance for repetitive expansion and contraction.

Cost effectiveness 
An important aspect to consider especially for low and middle income countries is if HC is actually cost effective or at least cost neutral compared to DC. Unfortunately, raw cost data was not available in the included studies. However, DC is thought to be an expensive procedure with a mean patient cost of over US$ 20,000 when performed in a developing country [34]. HC is potentially a cheaper alternative due to autologous tissues being utilised and reducing the need for a second operation for a cranioplasty [26]. A formal cost effectiveness analysis evaluating the many different factors that influence cost needs to be undertaken, which is one of the future aims of our neurotrauma study group at the University of Cambridge. 

Limitations of the present study
The lack of robust comparative HC vs DC data, the combined indications (TBI and stroke) for HC in some of the reports, heterogenous pre-operative and radiological metrics, paucity of pre-operative ICP monitoring, short-term follow-up and poor reporting of long-term functional outcomes makes absolute conclusion difficult. Furthermore, GOS recorded at discharge is not necessarily a true representative of long-term outcomes, and the paucity of robust follow-up investigating associated morbidity, a key metric, in most reports is also of note. Additionally, mRS is the most commonly used outcome scale in the field of stroke but many of the included studies used the GOS to assess outcomes in the TBI but also stroke patients. The two scales examine slightly different aspects of functional outcome but the Glasgow Outcome Scale correlates well with the mRS in patients with stroke [35].

Developing the evidence-base
To continue developing the evidence base for HC, we would advocate following the IDEAL Methodology [36]. This is a 5-stage description of the surgical development process, a crucial tool for systematic evaluation of surgical innovation and that is instrumental for achieving improved design, conduct, and reporting of surgical research. Currently, HC is between stage IIb and III ‘Exploration’ and ‘Assessment’, i.e. the technique is stable, has been replicated by numerous study groups and there is some literature demonstrating comparison to existing practice (DC). 

It must be appreciated that HC cannot, as yet, be considered an alternative to all the DCs, but rather an alternative to primary DC, not to secondary DC. Whereas HC has been performed most often for persistent brain swelling after evacuation of intracranial hematoma, DC has been performed most often as a part of second- or third-tier therapy as in DECRA [3] and RESCUEicp [4] trials for patients with medically refractory intracranial hypertension. In such cases it is unlikely that a HC will be performed instead of DC.

To further develop HC, additional evaluation of the technique prospectively and co-operatively may help mature consensus over definition, quality and indications. Ultimately, an international effort, with a multi-centre randomized controlled trial, with participation from low and middle income countries is required. The trial could compare HC to DC with criteria for progression from HC to DC in selected cases. In addition, ICP monitoring, if already used clinically, would aid meaningful comparison. Importantly, such a study would aim to compare long-term functional outcomes and  surgical morbidity. 

Conclusion
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